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- B SUMMARIES OF REPORTS OF USSR CCSMIC-RAY PESEARCH

4
v : [Comment: Almost the entire issue of Izvestiys Akademif Nuuk
N 9SSR, Seriyn Fizicheskaya, Volume XVII, No 1, January - February
1953, was devoted to Soviet cosmic-ray research reports read at
the 11 - 13 June 1952 Cunference nu Cosmic Rays. One exception
) was D. V. Skobel'teyn'c opening address to the conference .

\ \ These research reports STAT
are presented here in summarized form. ..

According to a note in the source, G. B. Zhdanov, Candidate
of Physicomathematical Sciences, was general editor of these
r2ports.
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. 1, "Nature end Properties of Primary Cosmic Radiation," S. N Vernov, )
: A. M. Kulikov, and A. N, Charakh'yan, Physics Institute imeni Ler.dev, Academy
of Sciences USSR (pp 13-20)

The authors present data on the proton and mesy.r:owponents of cosmic
rays at various latitudes and state that sclentists now -NOW also the number
of mesons and protons at various altitudes. On the be 8 Of new experimental

data presented, the authors can point to the follow# ¢ t¥o fundamental con-
.~ 5.107 ev protons with

clusions: (1) The cross section for interactize ;

nitrogen and lead nuclei is gecmetricall/y{;‘< sud (2) with an increase in
epergy of protons from 3.109 to 10.109 <« properties 01" the protons abruptly !
change. The authors state that pras 11y only for energies greater than

7.108 v do mi-mesons with energiz? ater than 109 e. occur and that cascade

phepomens are observed during 7 }10!1 of electron-nuclear showers, thus in-
P 0

-

dicating that the nuclear-s -Ffocess begine at such an energy.
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The suthors acknowledge the participation of Yu. A. Smorodin, T. N.
Cbarakh'yan, K. I, Alekseyev, L. T, Baradzey, V. M, Filatov, A. G, Bednyakov,
and P, N, Ageshin.

2. '"Interaction of Primary Cosmic Particles of Various Energies Witﬁ -
Matter," N. L. Grigorov anmd V. 9, Murzin, Moscow State University imeni
Lomonosov (pp 21-38) .

This report gives the following fundamental conclusions from the
experimental data obtained:

&. Primary particles with energy around 3.109 ev ca generation of
pi-mesons expend in the entire atmosphere only abeout 5% of their energy, but -
60% of the energy !s expended in the crestion cf strongly ionizing particles
in nuclear fissions.

b. Primary particles with energy around 20,109 ev expend the main
part of their energy (80%) on the generation of pi-zesonz: 20 of the energy
is expunded by them on the formation of strongly iorizing particles occurring
during nuclear fissions.

N

) ¢. The process of generation of Pi-mesons Dy primary particles with
e zean energy 3.109 ev has, in general, a one-act character.

d. The process of generation of pi-mescns in the atmosThere by
8 . particles of high energy (about 20.109 ev) does not nceur ir one act, but is
completed in several acts (not less than three); t.e., & nuclear-cascade process
takes placa. Here only about 25% of the prima,y particle's energy is lost in
the first act on gereration of pi-mesons.

;o B e. During collision of protons of mean energy of the order of 20.109

- ev with a light nucleus, there occurs in the atmosphere a smell number, of the
order of unity, of secondary nuclear-active particles ther are able 40 generata
ri-mesons,

f. Primary cosmic particles in the atmcsphere transmit equal fractions
of emergy to neutral and charged pi-mesons.

R 8. Tae fraction of energy lost by a primary particle on generation
of neutral pil-mesons in the first collision witn a nuclzus is small (of the
order of 10-15%) and veakly depends on the energy of primary particles in the
energy range 3.109-20.109 ev.

The authors acknowledge the participation of the following associates !
of the authors' laboratory: S. I. Srikker, I. D. Rapoyort. 1. V. Rybim, §, P,
Sokolov, F, D. Savin, I, M. Yevreinov, and Yu. K. FPozhel. Thke authors also
thank S. N. Vernov for his discussion of results.

: 3. '"Nuclear Interaction of ‘High-Energy Particles and Wide Atmospheric

e Shovers," G, T. Zatsepin, I, L. Rozeatal', L. I. Sarycheva, G. B, Khristiansen,

Lo and L. Kh. Eydus, Physics Institute imeni Lebedev, Academy of Sciences USSR ‘
T (pp 30-50)

The authors state that, in spite of the absence of a finished theory
of the elementary act, zalculation of the nuclear-rascade process occurring
in wide showers is of substantial interest. They state that one can consider
the development of a shower under various partial assumptions concerning the
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elementary act and, by further compar
vith experimental data, one can find
terizing the elementary act,
possibility of cbtaining dat
high energies.

ing the results of a theoretical computation
also the values of the parameters charac-
vhich agree with experiments, thus giving the

& relative to nuclear processes occurring at super-

The authors state, however,
one can make the following conclusio
of a genexal type:-

that even without dGetailed caleculations
ns By utilizing only observed regularities

a. The energy spectrum of primary radiation can be approximated by
the pover function E"TMwhere 4 - 1.6-1.8, up to energies of about E, = 1018 ey,

b. Up to energies of about E = 1018 ev the cross section of interaciion

with atomic nuclel is maintained at the order of the geometric cross section;
more accurately, 0.70 geom. This conclusion is due to the fast that a number
of phenomens (see, e.g., Cocconi-Tongiorgi, Phys. Rev. 73,923 [I9h87; 75,1532
[TQ&27) connected with vide showers possesses an altitud:nal behavior in the
form of an exponent with index mu = 1/100 cm2/gm. Since no phenomenon in
cobnic rays can possess an altitudina) behavior characterizable by the mean
flight path which would be less than the path for absorptiva of primary radi-
ation (in complete analogy with the laws for radiocactive families), 1t follows
that for primary radistion the index is mu = 1/100 em?/gm; taking ‘nto account

that, for air mu = 1/70 en“/gm corresponds to the geometric cross section, we
obtain o= » 7/0.70 geom.

c¢. The multiplicity of formation of particles duriﬁg collision of
nucleons increases with energy; for euergy of about 1013.10% ev, this quantity
(multiplicity) is greater than five. Such a large value testifies to the strong
bond of nucleons and the meson field.

d. The fraction of energy transmittavle to neutral pi-mesons in the
case of high energy of the colliding particles {s small and doetc not exceed
0.2; taking the neutral and charged mesons as similar, one finds that for high
energies of the colliding particles a, considerable part of the energy is trans-
ferred to particles different from pi-mesons. Apparently, at high erergy in

collisions either nucleon-antinucleon pairs or heavier mesons are generated in
addition,

e. In the system of center of lnertia of the colliding particles, the
angular distribution of generated particles, more preclsely the angular distri-
bution of flow of their emergy, is essentially anisotropic.

The authors acknowledge the guidance of D. V. Skobel'tsyn; the advice
(Quring the experiments) of V. I. Veksler and N. A. Dobroting the help with
the experiments from V. V. Miller, Yu. N. Vavilov, T. A. Ivanovskiy, and M. S.
Tulyankin; and the valuable judgment of results afforded by 5. 2. Belen'kly.

k. "Multiple Generation of Particles During Collisions of Fast Particles,"”

L. D, landau, Institute of Physics Problems imeni Vavilov, Academy of Sciences
USSR (pp 51-64)

The author derives Fermi‘s formula for the fu.l number of particles
in a system, and the distribution of generated particles with respect to
energies and directions.

Authof thanks Ye, M. Lifshits, I. Ya. Pomerarchuk, and Ye. L. Feyn-
berg for their considerations of problems discussed, and also L, I, Sarychev

for permission to use the figures with the energy sp:ctra of generated parti-
cles.
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5. "Theory of the Nuclear-Cascade Process 1n Wide AtmosTherie Showers,"
I, L. Rozental', Physics Institute imeni lebedev, Academy of Sclences USSR
(pp 65-71)

The author concludes that, if one repre:zents the dependence of the’
nunber of secondary particles on erergy by a powsr fun-t ion, then the pover
ivdex gamma is given by .= 1/3, rather close to 1/4; and that taking the
nuclear-cascade process “lnto account permits cne to reconcile experimental
and theoretical data on the compcsition and spatiai distribution of rarticles
in wide atmospheric showers.

The auther acknowledges the helpful drlscussicn of Ye. L. Feymverg,
N. A. Dotrotin, and G. T. Zatsepin

6. "Sprectrum of Protonc in Cosmic Rays ard Interaction of High-Energy
Pretonz With Matter," A, T, Dadays and C. 1. Motzon, Physics Institute of
Azademy of Sciences Arrenirn SSR (pp 72-79}

The Lnvestigation discussed in this repart was a continuatiorn of
work conducted by A. Alikhanov and A. Alikhanyan at 3,200 meters on Mount
Alagez in 1944 - 1947 devoted to an investigation of prots:: 13 cosmic rays.
The report deals with a recent investigation of the spectral disiribution
of fast protons, and an attempt to determine the effuctive cross section of
miclear interaction of high-energy protons with matter

The autinors thank M. I, Dayon, G. A Marikyan, 3. S. Akcpva=, L. 1.
Fotarcv, and N, V. Shestskovich for helping in the meazurements.

7. "Absorption and Interaction With Aiemic Nucle: of Paiticles Ceneratimg
Electron-Nucleer Showers,"” §. A. Azimov, N. A, Dobrotin, A. L. Lyupimov, end
K. P. Ryikhova, Ppysice Institute igeni Lebedev, Asadewy of Sciences USSR, and
Phys icotechnical Institute, Academy of Scientes Uziek SSR (pp 80-87)

The authors arrive at the follcwirg tundamentsl cznclustopa: (1) Dis.
integrating particles enter the compesition of the component. thal geverates
elestron-nuclear showers. (2) Ahsorpticn of rarticics with energies of the
order of 1910 ev whizh generate electron-tuciear showers occur after approxi-
mately three acts of intera tion with nucle!, ja-itically o “oth heavy aed
alzo light matter -- 1 e,,

(La/Lole ~ (Ly/1 g0 ~ (La/ Loy ~ 2
where 1, i5 mean free path of flight of particles for the case of interaction
with matter, and Ly, 1s the path without interaction. (i) The indicated effect
can be explained by proceeding from a reprezentation or concept concerning the
presence of an intranuclesr cascade process [n whirh all neutral pl-mesons
besides other nuclear-active particles must take part. -

The authors thank M. N. Sheherbakova and Aleksandr Nevraev, the latter
a former student at Moscow State University but now deceazed, both of whom
assisted irn the expeiimental work.
- *
8. ™ecay of Partvicles Tha! Censratr Electrou-Nuclear Showers,™ S. A,
Azimov and V. F. Vishnevskiy, Physicolechnical Isztitute, Academy of Sclences
Usbek SSR {pp 88-91)

The authors state that one of the urgent problems in the study of
electron-nuclear showers and of the nuclear-cascade process 1s the clarifi-
cation of the nature of the particles that cause secondary cascades. The
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authors agree, from their own works and that of others, that both protons ard
mesons are generated in electron-nuclear showers , and that a significant part
of these mesons are pi-mesons. In thig connection the authors pose the ques-

tion whether or not pi-mesons of high energy (1010 ev and above) are nuclear-
active particles,

The authors describe their own investigations in 1550 (8. A. Azimov,
V.F. Vishnevskiy, and N. I. Khil'ko, DAN SSSR, 78, 231 ﬁ951 ) and 1951 to
clarify this question and to determine the possible existence, in an electron-
nuclear shower, of unstable particles that generate new electron-nuclear showers.
The authors note, however, that clarification of the problem of decay requires
that experiments be conducted free of influence of the transitional effect;
this means measuring the absormtion in thick layers of a dense substance, where
the transitional effect of density is nonexistent.

The authors conclude that the difference oetween the absorption of 2
nuclear-artive particles in water (223 % 15 gw/cm®) and ir air {123 %6 gm/cm”)
testifies to the decay of at least some of the particles that generate electron-
nuclear showers, and +hat the unstable generating particies In dease matter
practically do not decay and are absorbed for this reasot more slowly that in

alr. The authors believe that these decaying particles are identical with pi-
mesons.

Acknowledgement is made of the participation of N, I, Khil'ke and
A. Asadullin in the measurements.

9. '"Generation of Protons and pi-Mesons by Neutrons of Cosmic Radiation,"
M. I. Dayon, Physics Institute iment Lebedev, Academy of Sciences USSR (pp 92, 93)

, ' The author here summarizes a report published in Doklady Akademii Nauk
°SSR, Vol 86, p 1093 (1952). He concludes, from investigations with the magnetic
mass-spectrometer (coordinate counters) and studies of impulse spectra of parti-
cles, that negative pi-mesons are chiefly generated by meutrons in lead.

10. 'Fast Deuterons in Cesmic Rays," A. I. Alikhanyan and G. A. Marikyan,
Physics Institute imeni Lebedev, Academy of Sciences USSR and Physicsy Institute,
Academy of Sciences Armenian SSR {p 9b)

The authors here summariz: a reyert rublished in full in Doklady Akademii
Nauk SSSR, Vel 87 p 191 (1952).

The authors state in summary that, in 19L7, on Mount Alagez, nev data
was obtained indicating the presence in cosmic rays of fast positive charged
prarticles heavier than the proion; that, in 1950 - 1951, G. A. Marikyan, with
the aid of the new magnetic mass-spectrometer, confirmed this conelusion, in-
dicating that in the flow of radiation under s lead bloek 10 em thick vere o
observed a noticeable number of particles whose mass as determined according to
impulse (momentum) and path of flight exceeds the preton's mase; and that, in
1951, & repetition of the measurements was completed in a 1, 000-gauss field,
vhich isolated deuterons with residual flight paths of 3-5 c¢m/Pb (200-L00 mav)
representing 10 of the protons wita the same raths.

The authors conclude that at least one fourth of all the recorded
deuterons are generated in the lead biork by fast neutrons, and tnal the ef-
fective cross section of generation of deuterons, vwith the sbove indicated
energies, by fast neutrons with energies exceeding 500 mev is abont two tenths
to three tenths of the geometric cross section of a lead nucleus (i.e.,0m =
(0.2-0.3)e-0).
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11. "New Elementary Particles in the Composition of Cosmic Rays," G. B.
Zhdanov, Physics Institute imeni Lebedev, Academy of Sciences USSR (pp 95-101)

The author discusses two fundamental problems:
composition and properties of the primary component of cosmic raye, and (2) the
analysis of the interactions which lead to the occurrence of the principal
components of secondary radiation in the atmosphere. The first problem incliudes
study of neutral and charged short-lived particles by means of Wilson cloud
chanbers and the second, study of decay of heavy charged mesons in photo ~

emulsions, and investigation of mass spectrum of charged particles by *he
method of magnetic analysis. '

(1) the study of the

The author statzs that Tfurther experiments are particularly needad to
clarify the conversions that

are undergone by subject particles during their
study in matter.

12. "Investigation of the Ionizing Capacity of Reiativisbic Particles,”
V. M. Kharitonov, Institute of Ph;

ysics, Academy of Scien~s Armeniaz 3SR
(pp 102-113)

The author discusses

the results achicved by Westvr- workers VN, Bohr,
Bethe, Fermi, etc. ),

The author thanks 4. I. Alikhanyan for his inteves: Ir. the pregent:
work, L. D. Landau for his valuablz advice, A, T. Dadayan fcr his cerperatton
in the measurements, and G. Merzon for his participaticr 1n the measurements.

13. "A Pecularity of C
With a Magnetic Pield,” .

ertain Gaseous Nebulae Whick Is Poseibly Connected
: : Observatory (pp 114-118)

A, Shayn and V. F. Gaze, Crimsan Asirophysical

The ruthors present & g.neral discussion of the rasults achieved by
others. Azcording to the authors, a phenomeron of a magret ic-hydrodynamic
charecter is apparently playing a familiar role in £45¢0us nedulae, which,

lying in a region of electromagnetic excitation, are "frczen" {nto a gigantic
ionized gasecus medium.

The authors state that the

purrose of the report was to atiract the
attention of physicists to the oLl

em, shi:h 15 large ard difficul+.

14, "The Energy Distribution of the Particles in Primsry Cosmic Radtation,"
A. A. Logunov and Ya, P. Terletskiy, Scientiric Research Institute of Physics,
Moscow State University imeni Lomonosov {pp 119-135)

This report presents a detailed study of tke motion of cosmic-ray
particles in the turbulent flow of an ionized medtwr.  In particular, the
authors derive equations for a magnetic field in a conducting medium, and an
equation of turbulenc flow in a magnetized medium. They also establish a law
governing the variation of a magnetic field. and the mechanism for inductive
acceleration of charged pariicles. They derive the principal equation de-
scribing the acceleration, ﬁ!‘o;est;, and analyze (1) this equat.ion fcr the case

« of a point source without taking the radiatior loss 1nto account ard {2) the ‘
irfluence of loss due to ionization and radiation, Finally, they solve the !
principel equation for the case of a point source taking the dependence of
the coefficient of diffusion upon energy into account, to obtain a complicated
expression £(r,E) for the energy spectrum.

The authors conclude, in summarizing the work, that the theory ex-
rounded gives an energy spectrum which agrees well with experiment.
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15. "Variations in Intensity of the Meson Component of Cosmic Rays During
the Time of One Cycle of Solar Activity,” Ye. S. Glokova, Scientific Research-
Institute of Yerrestrial Magnetism (pp 136-140)

. The author states that the clearly evident variation during a solar.
cycle ‘cannot be due to mere ‘meteorological conditions , 8ince these possess no
comection with the solar cycle. He further states that the processes due to
solar-activity and causing the variation in cosmic-ray intensity 1s being little
‘studied at present. He conjectures that a certain part of the observed varia-
tions connected with solar activity occurs because of processes taking place
in the high layers of the atmosphere, which deserves study. The author recor-
mends that measurements of the intensities of the other components of cosmic
rays be conducted, which are not subject to atmospheric influences to such an
extent as 18 the meson component, and vhich could -ive more defivite data on
the variations of primary cosmic rays.

-END -
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